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$X$ , $f$ : $Xarrow X$ . $\pi$ : $Earrow X$
$\dim E\cdot\geq 1$ , $\Vert\cdot\Vert$ Finsler . $F$ : $Earrow E$
, $f\circ\pi=\pi\circ F$ . , $F$ : $Earrow E$
. , $x\in X$ , $F$ : $E_{x}arrow E_{f(x)}$ .
, $E_{x},$ $E_{f(x)}$ .
$S(E)=\{v\in E|\Vert v\Vert=1\}$
,




$v\in E$ $n\geq 0$
$\mu_{m}^{n}\Vert v\Vert\leq\Vert F^{n}(v)\Vert\leq\mu_{M}^{n}\Vert v\Vert$
. $K>1$
$e(F,$ $K)=\{\lambda>0|\exists v\in S(E)s.t$ . $\Vert F^{n}(v)\Vert\leq K\lambda^{n}(\forall n\geq 0)\}$
. $\lambda\geq\mu_{M}$ , $\lambda\in e(F, K)$ . , $e(F, K)\neq\emptyset$ .
$\lambda_{1}(K)=\inf e(F,$ $K)\geq\mu_{m}>0$
.
Fact 1.1. $\lambda_{1}(K)\in e(F, K)$ .
Proof. $\lambda_{1}(K)$ $\{\tau_{j}\}$ . , $vj\in S(E)$
$\Vert F^{n}(v_{j})\Vert\leq K\tau_{j}^{n}(\forall\geq 0)$ .
$S(E)$ , $vj$ $v\in S(E)$ . , $n\geq 0$
$\Vert F^{n}(v)\Vert\leq K\tau_{j}^{n}$
.
$\Vert F^{n}(v)\Vert\leq K\lambda_{1}(K)^{n}$ .
, $\lambda_{1}(K)\in e(F, K)$ .
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Fact 1.2. $1<K_{1}<K_{2}$ , $\lambda_{1}(K_{1})=\lambda_{1}(K_{2})$ .
Proof. , $e(F, K_{1})\subset e(F, K_{2})$ . , $\lambda_{1}(K_{1})\geq\lambda_{1}(K_{2})$ .
. $\lambda_{1}(K_{2})\in e(F, K_{2})$ , $v_{2}\in S(E)$ $\Vert F^{n}(v_{2})\Vert\leq$
$K_{2}\lambda_{1}(K_{2})^{n}(\forall n\geq 0)$ . $n\geq 1$ $m\geq 1$
$\Vert F^{m}\circ F^{n}(v_{2})\Vert>K_{1}\lambda_{1}(K_{2})^{m}\Vert F^{n}(v_{2})\Vert$
. $K_{1}>1$ $K_{1}^{p}\mu_{m}>K_{2}\lambda_{1}(K_{2})$ $\ell$ .
, $m_{1},$ $\cdots,$ $mp\geq 1$
$\Vert F^{m\ell+\cdots+m_{1}+1}(v_{2})\Vert>K_{1}^{\ell}\lambda(K_{2})^{m\ell+\cdots+m_{1}}\Vert F(v_{2})\Vert$
$>K_{2}\lambda(K_{2})^{m\ell+\cdots+m_{1}+1}\Vert v_{2}\Vert$ .
. , $n\geq 1$ , $m\geq 1$
$\Vert F^{m}(F^{n}(v_{2}))\Vert\leq K_{1}\lambda_{1}(K_{2})^{m}\Vert F^{n}(v_{2})\Vert$ .
, $\lambda_{1}(K_{2})\in e(F, K_{1})$ . , $\lambda_{1}(K_{1})\leq\lambda_{1}(K_{2})$ .
Definition. $\lambda_{1}=\lambda_{1}(K)>0$ $F$ (minimal spectrum) .
Definition. $g$ : $Aarrow A$ , $B\subset A$ $g$ return set
, $x\in B$ $n\geq 1$ $g^{n}(x)\in B$
. $n$ $x$ . $B$ $g$ retum set , return map
$r_{B}:Barrow B$
$r_{B}(x)=g^{n_{x}}(x)$
. , $n_{x}\geq 1$ 1 . $B$ (bounded)
, $\{n_{x}|x\in B\}$ , $B$ (unbounded) ,
$\{n_{x}|x\in B\}$ .
$b>1$
$\Lambda_{b}=\{x\in X|\exists v\in E_{x}\backslash \{0\}$ s.t. $\Vert F^{n}(v)\Vert\leq b\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)\}$
. $A_{b}$ $X$ .
Fact 1.3. $\Lambda_{b}$ $f$ retum set .
Proof. $x\in\Lambda_{b}$ , $n\geq 1$ $f^{n}(x)\not\in\Lambda_{b}$ .
, $v\in E_{x}\backslash \{0\}$ , $\Vert F^{n}(v)\Vert\leq b\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)$ . $f(x)\not\in\Lambda_{b}$ , $n_{1}\geq 1$
$\Vert F^{n_{1}}(F(v))\Vert>b\lambda_{1}^{n_{1}}\Vert F(v)\Vert$ . $f^{n_{1}+1}(x)\not\in\Lambda_{b}$ , $n_{2}\geq 1$
$\Vert F^{n_{2}}(F^{n_{1}+1}(v))\Vert>b\lambda_{1}^{n_{2}}\Vert F^{n_{1}+1}(v)\Vert$
$>b^{2}\lambda_{1}^{n_{2}+n_{1}}\Vert F(v)\Vert$ .
, $\ell\geq 1$ $n_{1},$ $n_{2},$ $\cdots,$ $n_{\ell}\geq 1$
$\Vert F^{n\ell+\cdots+n_{1}+1}(v)\Vert>b^{\ell}\lambda_{1}^{n\ell+\cdots+n_{1}}\Vert F(v)\Vert$
$\geq b^{\ell}\mu_{m}\lambda_{1}^{n\ell+\cdots+n_{1}}\Vert v\Vert$
$b>1$ , $b^{\ell}\mu_{m}>b\lambda_{1}$ $\ell$ , . , Fact 3
.
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\S 2 Minimal return sets
Definition. $g$ : $Aarrow A$ retum set $B$ . $B$
minimal , $C\subset B$ $r_{B}(C)\subset C$ $B=C$
.
Fact 2.1. retum set $B$ , .
(1) $r_{B}$ : $Barrow B$ minimal retum set $B’\subset B$ .
(2) $B$ minimal , $\overline{r_{B}(B)}=B$ . – .
Proof. (1): $\mathcal{O}$
$\mathcal{O}=\{B_{\lambda}|B_{\lambda}\subset B,$ $B_{\lambda}\neq\emptyset,$ $B_{\lambda}$ is closed, $r_{B}(B_{\lambda})\subset B_{\lambda}\}$
, $B\in \mathcal{O}\neq\emptyset$ . ,
$r_{B}( \bigcap_{\lambda}B_{\lambda})\subset\bigcap_{\lambda}B_{\lambda}$
, $\mathcal{O}$ . Zorn .
(2): .
Fact 2.2. $B$ minimal return set , $no>0$ $\bigcup_{n=0}^{n_{0}}g^{n}(B)$
$g$ ( ) minimal .
Proof. Fact 2.1 (2) .
minimal return set ,
$f$ : $Xarrow X$ . , .
Fact 2.3. , $B$ $f$ minimal retum set , $n>0$
$r_{B}^{n}(x)$ $r_{B}:Barrow B$ $B$ .
\S 3
$\lambda_{1}>0$ $F$ : $Earrow E$ , $b>1$ . $\Lambda_{b}$ \S 1
, $\Lambda\subset\Lambda_{b}$ minimal return set . $\Lambda$ . ,
$b>1$ , A f$\sim$ . $x\in\Lambda$
$E_{x}(0)=\{v\in E_{x}|\exists C_{v}>1s.t.\Vert F^{n}(v)\Vert\leq C_{v}\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)\}$
.
Lemma 3.1. $x\in\Lambda$ , $E_{x}(0)$ $E_{x}$ .
. Proof. , $v\in E_{x}(0),$ $k\in \mathbb{R}$ $kv\in E_{x}(0)$ . $v,$ $w\in$
$E_{x}(0)$ $C_{v}>1,$ $C_{w}>1$ , $n\geq 0$
$\Vert F^{n}(v)\Vert\leq C_{v}\lambda_{1}^{n}\Vert v\Vert$ , $\Vert F^{n}(w)\Vert\leq C_{w}\lambda_{1}^{n}\Vert w\Vert$ .
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, $v+w\neq 0$ , $n\geq 0$
$\Vert F^{n}(v+w)\Vert\leq\Vert F^{n}(v)\Vert+\Vert F^{n}(w)\Vert$
$\leq C_{v}\lambda_{1}^{n}\Vert v\Vert+C_{w}\lambda_{1}^{n}\Vert w\Vert$
$= \frac{C_{v}\Vert v\Vert+C_{w}\Vert w\Vert}{\Vert v+w\Vert}\lambda_{1}^{n}\Vert v+w\Vert$ .
$v+w\in E_{x}(0)$ . .





$E_{x}(0)=\{kv|v\in P^{-1}(x), k\in \mathbb{R}\}$
.
Proof. $w\in E_{x}(0),$ $w\neq 0$ , $C_{w}>1$
$\Vert F^{n}(w)\Vert\leq C_{w}\lambda_{1}^{n}\Vert w\Vert(\forall n\geq 0)$
.
$v= \frac{b}{C_{w}\Vert w\Vert}w$
, $\Vert F^{n}(v)\Vert\leq b\lambda_{1}^{n}(\forall n\geq 0)$ . $v\in P^{-1}(x)$ .
$w= \frac{C_{w}\Vert w\Vert}{b}v\in\{kv|v\in P^{-1}(x), k\in \mathbb{R}\}$ .
, $w=kv,$ $v\in P^{-1}(x)\backslash \{0\},$ $k\in \mathbb{R}$ , $\Vert F^{n}(v)\Vert\leq b\lambda_{1}^{n}(\forall n\geq 0)$
$\Vert F^{n}(w)\Vert\leq|k|b\lambda_{1}^{n}$
$= \frac{b}{\Vert v\Vert}\lambda_{1}^{n}\Vert w\Vert$ .
$n\geq 0$ . , $w\in E_{x}(0)$ .
$1\leq d\leq\dim E$
$\Lambda(d)=\{x\in\Lambda|\dim E_{x}(0)=d\}$
. $f$ : $\Lambdaarrow\Lambda$ minimal $F:Earrow E$ , A(d) A




Lemma 3.3. $C>1$ , $x\in\Lambda(d_{1})$
(3.1) $E_{x}(0)=\{v\in E_{x}|\Vert F^{n}(v)\Vert\leq C\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)\}$
.
Proof. $x\in\Lambda$ , $\{v_{1}, --, v_{d}\}$ $E_{x}(0)$ $\Vert v_{i}\Vert=1(1\leq i\leq d)$
. , $v\in E_{x}(0),$ $\Vert v\Vert=1$ $\alpha_{1},$ $\cdots,$ $\alpha_{d}\in \mathbb{R}$ $v=\alpha_{1}v_{1}+\cdots+\alpha_{d}v_{d}$
, $|\alpha_{i}|\leq\alpha_{x}(1\leq i\leq d)$ $\alpha_{x}>0$ . ,
$C_{1},$ $\cdots$ , $C_{d}>0$ , $n\geq 0$
$\Vert F^{n}(v)\Vert\leq|\alpha_{1}|C_{1}\lambda_{1}^{n}+\cdots+|\alpha_{d}|C_{d}\lambda_{1}^{n}$
$\leq\alpha_{x}(C_{1}+\cdots+C_{d})\lambda_{1}^{n}$ .
$C_{x}=\alpha_{x}(C_{1}+\cdots+C_{d})$ , $v\in E_{x}(0),$ $\Vert v\Vert=1$ $\Vert F^{n}(v)\Vert\leq C_{x}\lambda_{1}^{n}$











, $\epsilon_{0}>0$ $int\overline{\Lambda^{\epsilon_{0}}}\neq\emptyset$ .
$\Lambda^{\epsilon_{0}}=(\Lambda^{\epsilon_{0}}\cap\Lambda(d_{1}))\cup\cdots\cup(\Lambda^{\epsilon_{0}}\cap\Lambda(d_{\ell}))$
, $i$ int $\Lambda^{\epsilon_{0}}\cap\Lambda(d_{i})\neq\emptyset$ . $x\in\Lambda^{\epsilon_{0}}\cap\Lambda(d_{i})$ , $v\in E_{x}(0)$
$\epsilon 0\frac{v}{||v||}\in P^{-1}(x)$ . , $\Vert F^{n}(v)\Vert\leq\frac{b}{\epsilon_{0}}\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)$ .
$($3.2 $)$ $E_{x}(0)= \{v\in E_{x}|\Vert F^{n}(v)\Vert\leq\frac{b}{\epsilon_{0}}\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)\}$ .
, $\Lambda^{\epsilon_{0}}\cap\Lambda(d_{i})$ $\{x_{i}\}$ $x\in$ A , $\{E_{x_{i}}(0)\}$
$E_{x}’$ , $E_{x}\subset E_{x}(0)$ . , $\dim E_{x}(0)\geq d_{i}$ .
$int\overline{\Lambda^{\epsilon_{0}}\cap\Lambda(d_{i})}\neq\emptyset$ $\Lambda(d_{1})$ $\Lambda$ ,
$d_{i}=d_{1}$
. , int$\overline{\Lambda^{\epsilon_{0}}\cap\Lambda(d_{1})}\neq\emptyset$ .
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$x\in\Lambda(d_{1})$ . $f$ : $\Lambdaarrow\Lambda$ minimal , $N>0$ $0\leq n\leq N$ ,
$f^{n}(x)\in$ int$\Lambda^{\epsilon_{0}}\cap\Lambda(d_{1})$ . $v\in E_{x}(0)$ $F^{n}(v)\in E_{f^{n}(x)}(0)$ . , $k\geq 0$
$\Vert F^{k}oF^{n}(v)\Vert\leq\frac{b}{\epsilon_{0}}\lambda_{1}^{k}\Vert F^{n}(v)\Vert$
$\leq C\lambda_{1}^{k+n}\Vert v\Vert$





Lemma 3.4. $\not\in$ $C>1$ , $x\in\Lambda(d_{1})$ $v\in E_{x}(0)$
(3.3) $C^{-1} \Vert v\Vert\leq\frac{\Vert F^{n}(v)\Vert}{\lambda_{1}^{n}}\leq C\Vert v\Vert$ $(\forall n\geq 0)$ .
Proof. (3.3) Lemma 3.3 .
.
$G(d_{1})= \bigcup_{x\in\Lambda(d_{1})}E_{x}(0)$
. $\Lambda(d_{1})$ $\{x_{i}\}$ $S$ : $x_{i}$ A
$x$ , $E_{x_{i}}(0)$ $E_{x}$ ( $E_{\{x_{t}\}}$ ) .
,
$G(d_{1})= \bigcup_{\{x_{i}\}\in S}E_{\{x_{i}\}}$
, Lemma 3.3 , $E_{\{x_{t}\}}$ $v\in E_{\{x_{i}\}}$




. $v\in\Gamma_{\{x_{i}\}}$ , $\epsilon>0$ $n\geq 0$ $\Vert w\Vert<\epsilon$ . $w=$
$1’\lambda_{1}^{n}F^{n}(v)$ . $\Vert F^{m}(w)\Vert\leq C\lambda_{1}^{m}\Vert w\Vert(m\geq 0)$
$\frac{1}{\lambda_{1}^{n+m}}\Vert F^{m}(w)\Vert\leq\frac{C}{\lambda_{1}^{n}}\Vert F^{n}(v)\Vert<C\epsilon$ .
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,$\frac{\Vert F^{n}(v)\Vert}{\lambda_{1}^{n}}arrow 0$ $(narrow\infty)$ .
, $\Gamma_{\{x_{i}\}}$ $E_{\{x_{1}\}}$ .
$0<a\leq 1$
$\Gamma_{\{x_{i}\}}(a)=\{v\in E_{\{x_{i}\}}\backslash \{0\}|\inf\{\frac{\Vert F^{n}(v)\Vert}{\lambda_{1}^{n}}\}\geq a\Vert v\Vert\}$
. $\{x_{i}\}\in S$ $\Gamma_{\{x_{i}\}}(1)=\emptyset$ , $\{x_{i}\}\in S$
$v\in E_{\{x_{i}\}}\backslash \{0\}$ $n\geq 1$
$\frac{\Vert F^{n}(v)\Vert}{\lambda_{1}^{n}}<\Vert v\Vert$
. , $G(d_{1})\cap S_{1}(\Lambda)$ , $\lambda_{1}$
. $\{y_{i}\}\in S$ $\Gamma_{\{y_{i}\}}(1)\neq\emptyset$ . , $\{x_{i}\}\in S$
$r_{\{x_{t}\}}(C^{-1})\neq\emptyset$ . , $f$ : $\Lambdaarrow\Lambda$ minimal , $\{$ni $\}$
$F^{n_{i}}(E_{\{y_{i}\}})arrow E_{\{x.\}}(iarrow\infty)$ . $v\in r_{\{y_{i}\}}(1)$ ,
$\frac{F^{n_{l}}(v)}{\lambda_{1}^{n}}arrow w\in E_{\{x_{i}\}}$ $(iarrow\infty)$
. ,
$inf\frac{\Vert F^{n}(w)\Vert}{\lambda_{1}^{n}}\geq C^{-1}\Vert w\Vert$
.
$C_{1}=C<C_{2}<\cdots<C_{k}<\cdotsarrow\infty$
. $v\in E_{\{x_{i}\}}\backslash \Gamma_{\{x_{i}\}}(C_{k}^{-1})$ ,
$inf\frac{\Vert F^{n}(v)\Vert}{\lambda_{1}^{n}}<C_{k}^{-1}\Vert v\Vert$
. $\epsilon>0$ $\Vert w\Vert<\epsilon$
$\frac{\Vert F^{n}(w)\Vert}{\lambda_{1}^{n}}\leq C\Vert w\Vert<C\epsilon$
$inf\frac{\Vert F^{n}(v+w)\Vert}{\lambda_{1}^{n}}<C_{k}^{-1}\Vert v\Vert+C\epsilon$ ,
, $v+w\in E_{\{x_{t}\}}\backslash r_{\{x.\}}(C_{k}^{-1})$ . , $\Gamma_{\{x_{i}\}}(C_{k}^{-1})$ $E_{\{x_{i}\}}$




, $\pi(\Gamma)=\Lambda$ . $\{\Gamma_{\{x_{i}\}}(C_{k}^{-1})|\{x_{i}\}\in S\}$ ,
$\epsilon>0$ , $U\subset\{r_{\{x_{i}\}}(C_{k}^{-1})|\{x_{i}\}\in S\}$ , $U$ $\epsilon-$
. , $\cup\{\Gamma_{\{x_{i}\}}(C_{k+1}^{-1})|\{x_{i}\}\in S, \pi(x)\in\pi(U)\}$ $U$ .
, $\Gamma_{\{x_{i}\}}(C_{k+1}^{-1})\cap\Gamma_{\{x_{i}\}}\neq\emptyset$ . . , $\Gamma=\emptyset$ . ,
$\{x_{i}\}\in S$ $\Gamma_{\{x_{t}\}}=\emptyset$ . , $k$
$E_{\{x_{i}\}}=\Gamma_{\{x_{i}\}}(C_{k}^{-1})$
$\{x_{i}\}\in S$ . (3.3) .
, $X=M$ , $f$ : $Marrow M$






, $\lambda_{1}>0$ $F$ : $Earrow E$ , $b>1$ . $\Lambda_{b}$
\S 1 , $\Lambda\subset\Lambda_{b}$ minimal return set . $\Lambda$
. return map
$r=r_{\Lambda_{b}|\Lambda}:\Lambdaarrow\Lambda$




$\tilde{\Lambda}_{b}=\{v\in S(E)|\Vert F^{n}(v)\Vert\leq b\lambda_{1}^{n}(\forall n\geq 0)\}$
.






$R=R_{b|\tilde{\Lambda}}$ . $x\in\Lambda$ $E_{x}(0)$ \S 2 .
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Lemma 4.2. $x\in\Lambda$ , $E_{x}(0)$ $E_{x}$ .




$E_{x}(0)=\{kv|v\in P^{-1}(x), k\in \mathbb{R}\}$ .
$1\leq d\leq\dim E$
$\Lambda(d)=\{x\in\Lambda|\dim E_{x}(0)=d\}$




Lemma4.4. $C>1$ $x0\in\Lambda,$ $\delta>0$ , $x\in\Lambda(d_{1})\cap B_{\delta}(x_{0})$
$E_{x}(0)=\{v\in E_{x}|\Vert F^{n}(v)\Vert\leq C\lambda_{1}^{n}\Vert v\Vert(\forall n\geq 0)\}$




Lemma 4.5. $C>1$ , $v\in\tilde{\Lambda}$ $n\geq 0$
$C^{-1} \Vert v\Vert\leq\frac{\Vert F^{N_{v}+\cdots+N_{R^{n-1}(v)}}(v)\Vert}{\lambda_{1}^{N_{v}+\cdots+N_{R^{n-1}(v)}}}$
N. 1 .
\S 3 , , $X=M$ ,






\S 5 Second stage
$M=X$ , $f$ : $Marrow M$ $C^{1}$
. $\lambda_{1}>0$ $Df:TMarrow TM$ , $b>1$ .




$V$ $E$ , $V/E$ $[v](v\in V)$ ,
$\Vert$ $\Vert$ $V$ , $V/E$ 1 $\Vert$ $\Vert[v]\Vert=\inf\{\Vert w\Vert|w\in[v]\}$
.
$\Lambda_{b}(1)=\{x\in\Lambda(0)|\exists[v]\in T_{x}M/E_{x}(0)\backslash \{[0]\}s.t. \Vert[Df^{n}(v)]\Vert\leq b\lambda_{1}^{n}\Vert[v]\Vert(\forall n\geq 0)\}$
. $\Lambda_{b}(1)$ .
$\Lambda_{b}(1)\neq\emptyset$ .
Lemma 5.1. $\Lambda_{b}(1)$ $f$ retum set .
$\Lambda(1)\subset\Lambda_{b}(1)$ minimal return set , $x\in\Lambda(1)$
$E_{x}(1)=\{v\in T_{x}M|\exists C_{v}>1s.t.\Vert[Df^{n}(v)]\Vert\leq C_{v}\lambda_{1}^{n}\Vert[v]\Vert(\forall n\geq 0)\}$
$\supset E_{x}(0)$
.
Lemma 5.2. $x\in\Lambda(1)$ , $E_{x}(1)$ $T_{x}M$ .
$T_{\Lambda(1)}ME_{\Lambda(1)}(0)$





$E_{x}(1)=\{kv|[v]\in P_{1}^{-1}(x), k\in \mathbb{R}\}$ .
$1\leq d\leq\dim E$
$A$ $(d;1)=\{x\in\Lambda(1)|\dim E_{x}(1)=d\}$




Lemma 5.4. $C>1$ $x_{0}\in\Lambda(1),$ $\delta>0$ , $x\in\Lambda(d_{1}^{1};1)\cap B_{\delta}(x_{0})$
$E_{x}(1)=\{v\in T_{x}M|\Vert[Df^{n}(v)]\Vert\leq C\lambda_{1}^{n}\Vert[v]\Vert(\forall n\geq 0)\}$.
$\bigcup_{x\in\Lambda(d_{1}^{1};1)}E_{x}(1)$
$\Lambda(d_{1}^{1};1)$ .
Lemma 5.5. $C>1$ , $v\in\tilde{\Lambda}(1)$ $n\geq 0$
$C^{-1}(N_{v}+ \cdots+N_{R^{n-1}(v)})^{-1}\Vert v\Vert\leq\frac{\Vert Df^{N_{v}+\cdots+N_{R^{n-1}(v)}}(v)\Vert}{\lambda_{1}^{N_{v}+\cdots+N_{R^{n-1}(v)}}}$
N. 1 .
Proposition 5.6. $\Lambda(d_{1}^{1};1)=\Lambda(1)$ .
\S 6 Filtration
\S 5 minimal return set
$\Lambda(0)\supset\Lambda(1)\supset\cdots\supset\Lambda(i_{0})\supset\Lambda(i_{0}+1)=\emptyset$
return map $T_{\Lambda(i_{\text{ }})}M$
$E_{\Lambda(i_{0})}(0)\subset E_{\Lambda(i_{0})}(1)’\subset$ . . . $\subset E_{\Lambda(i_{0})}(i_{0})=E_{\Lambda(i_{0})}(i_{0}+1)\backslash$
. $E_{i}=E_{\Lambda(i_{0})}(i)/E_{\Lambda(i_{0})}(i-1)$ $S(E_{i})=\{[v]\in E_{i}|\Vert[v]\Vert=1\}$
$\tilde{\Lambda}(i)=\{[v]\in S(E_{i})|\Vert[Df^{n}(v)]\Vert\leq b\lambda_{1}^{n}\Vert[v]\Vert(\forall n\geq 0)\}$




Theorem 6.1. $C>1$ ;
(1) $x_{0}\in\Lambda(i_{0})$ $\delta>0$ , $x\in\Lambda(i_{0})\cap B_{\delta}(x_{0})$ $v\in E_{\Lambda(i_{0})}(i)$
$(\pi(v)=x)$
$\frac{\Vert Df^{n}(v)\Vert}{\lambda_{1}^{n}}\leq Cn^{i}\Vert v\Vert(\forall n\geq 0)$ ,
(2) $v\in\tilde{\Lambda}(i)$
$C^{-1}(N_{v}+ \cdots+N_{R_{i}^{n-1}(v)})^{-i}\Vert v\Vert\leq\frac{\Vert Df^{N_{v}+\cdot\cdot+N_{R_{i}^{n-1}(v)}}(v)\Vert}{\lambda_{1}^{N_{v}+\cdots+N_{R_{i}^{n-1}(v)}}}$ $($ $\geq 0)$ .
\S 7 Normal subbundle
.
Theorem 7.1. $C>1$ $\lambda_{2}>\lambda_{1}$ , $x=(x_{i})\in\lim_{arrow}(r_{\Lambda(i_{0})}, \Lambda(i_{0}))$
$T_{x_{0}}M$ $Dr_{\Lambda(i_{0})}$ $F(x)$
(1) $E_{x_{0}}\oplus F(x)=T_{x_{0}}M$ ,
(2) $v\in F(x)$
$\Vert Dr_{\Lambda(i_{0})}^{n}(v)\Vert\geq l)N_{v}+\cdots+N_{Dr_{\Lambda(0}^{n-1}(v)}$ ,
(3) $x\mapsto F(x)$ .
\S 8
$M$ ., $1\leq r\leq\infty$ , $C^{r}(M)$ $M$
, $C^{r}$ .
$PE^{r}(M)=\{f\in C^{r}(M)|f$ $\}$
, $PE^{r}(M)^{o}$ $C^{r}(M)$ $C^{r}$ $PE^{r}(M)$ ,
$\partial PE^{r}(M)=PE^{r}(M)\backslash PE^{r}(M)^{O}$
. , .
Theorem 8.1. $f$ : $Marrow M$ $1\leq r\leq\infty$ ,
$f\in PE^{r}(M)^{o}\Leftrightarrow f$ : $Marrow M$
.
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Theorem 8.2. $f$ : $Marrow M$ $C$ $1\leq r\leq\infty$ , $f$
. , $f\in\partial PE^{r}(M)$ , $f$ $\searrow$
$f$ (1), (2), (3) ;
(1) $p$ $D_{p}f^{n}$ : $T_{p}Marrow T_{p}M$ 1 . $n$
$p$ .
(2) $f$ minimal set $\Lambda$ ( ) $Df$ - $E\subset T_{\Lambda}M$,
$\dim E\geq 1$ $C>1$ , $v\in E$ $n\geq 0$
$C^{-1}\Vert v\Vert\leq\Vert Df^{n}(v)\Vert\leq C\Vert v\Vert$
.
(3) $f$ minimal retum set $\Lambda$ $Dr_{A}$ - $E\subset T_{\Lambda}M$ ,
$\dim E\geq 1$ $C>1$ , $v\in E$ $n\geq 0$
$\Vert Df^{n}(v)\Vert\leq C\Vert v\Vert,$ $C^{-1}\Vert v\Vert\leq\Vert Dr_{\Lambda}^{n}(v)\Vert$
.
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